Abstract. This research attempts to verify the efficacy of a monitor calibration approach to reducing or controlling high-energy visible light from a display backlit with white light-emitting diodes (LED). We propose an approach to reducing high-energy visible light without backlight unit control. Results show that white LED backlight units emit the most high-energy visible light. It also emphasizes that our proposed approach is a new method to the analysis of the relationship between monitor and human retina.
Introduction
LCD (liquid-crystal display) monitors are currently the most commercially successful FPD (flat-panel display) monitors available on the market. LCD monitors have a design that necessitates BLUs (backlight units). Technological evolution of the light source of BLUs has progressed from CCFLs (cold cathode fluorescent lamps) to LEDs (light-emitting diodes) [1] .
When reproducing white light in LED BLUs, the traditional method is used to coat blue LEDs with yellow phosphor [2] . In this case, because the range of the blue light spectrum has a higher energy wavelength than that of other colors within the visible light spectrum distribution, this energy can be harmful to the human retina.
This research analyzes the energy levels in the high-energy visible light (HEV light) wavelengths of LCD displays equipped with LED BLUs. We propose a monitor calibration approach to reducing this energy and verify the efficacy of the calibration to reduce the HEV light generated in the white LED.
Literature Review

Spectral Distributions for White LED Technologies
LEDs as light sources are used in monitors and other devices because of their high intensity and high efficiency properties. In commercial lighting products, there are three LED technologies (e.g. RGB-LEDs, UV LED with RGB phosphor, and blue LED with yellow phosphor) used to reproduce white light [2] . According to Daniel et al. [2] 's research, the emissions of white lights are different in accordance with each LED technology, and so do their spectral distributions.
HEV Light Hazard
HEV light has a wavelength between 400 nm and 500 nm. Meanwhile, it is known that blue-light hazard refers to HEV light having the potential to cause chemical damage to the human retina. Through animal testing in ophthalmology, the harmful effects of HEV light have been verified [3] ; however, there is still a lack of research on whether this light has harmful effects on the human retina. HEV light is suspected to be one of the causes of age-related macular degeneration (AMD), which is a prominent ophthalmologic disease factor that causes blindness in the elderly.
Optical Safety of LED Lighting
The use of LEDs is steadily extending in our lives. In particular, being used for interior lighting, LEDs can directly exert and injurious effect on the human retina. Therefore, safety standards regarding the hazards of HEV light need to be established [4] . In the European Union, the use of incandescent lights will be banned starting in 2016. The hazardous effects of blue LED light sources are already mentioned based on ANSI/IESNA RP-27 in North America [5] . There is an international standard based on IEC/EN 62471 as well [6] .
Methodology
Monitors using four different kinds of BLU (i.e., CCFL, RGB LED, GB-r-LED, and white LED) were set to factory settings and used for the research.
Spectral Distributions of Each Monitor
As shown in Fig. 1 (d) , the spectrum distributions of each sample monitor verified that the white LED BLU method, which reproduces white light by coating blue LEDs with a yellow phosphor, emitted the highest level of HEV light at 450 nm (i.e. a bluelight hazard).
a. 
450-nm Peak Level Changes Caused by White point Calibration
Conclusion
Our findings show that an LCD monitor equipped with a white LED BLU had a higher HEV light emission level than monitors using other BLU technologies (e.g. CCFL, RGB-LED, and GB-r-LED). Furthermore, it demonstrates that our proposed method using monitor calibration is efficient in order to reduce HEV light in LCDs equipped with white LEDs. As few studied have provided insights into the harmfulness caused by HEV light, the results will provide novel implications for the monitor calibration method. We believe that our approach can provide safety options regarding blue-light hazards for those who use monitors for prolonged periods of time.
